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The Internet and the World Wide Web provide today
end-users with capabilities to access universally to
information in various and heterogeneous data-
bases. The biomedical domain benefits from this
new technology, specially for information retrieval
by searching and browsing various sites.
Nevertheless, end-users may be desoriented by
specific ways to access information on different
servers. In theframework ofan Intranet design and
development, we present a method for integrating
information databases based on knowledge sources
of the UMLS. The method provides designers of a
Web site with facilities to implement an easy and
homogeneous access to information. The pages are
built dynamically and displayed according to a style
sheet and their content stored in a database during
the design phase. The database also describes the
links between pages. Moreover, this organization
provides administrators with powerful capabilities
to manage Web sites.

INTRODUCTION

Massive volumes of data, unprocessed details, and
heterogeneous sources of information are present in
large information systems, such as Hospital
Information Systems. They have serious conse-
quences: a lot of data is manually processed, some
information is unused, and costs are high. Two
solutions for improving these systems are in broad
terms: 1) the re-engineering of the software
components with recent computer technics and
architectures: client/server, object-orientation,
communication standards, and so on, or, 2) including
the use of modem technology, the total revision of
these systems following a knowledge engineering
approach. The first approach guarantees the software
interoperability of the services inside a system. It
leads to the notion of open systems which satisfies
the constraint of heterogeneity of hardware and
software. The second approach is an answer to the
semantic heterogeneity of data processed by the
applications. It proposes a semantic infonnation

integration which is necessary for the applications to
process in a corporate work. It emphasizes the notion
of conceptual analysis'.

An ontology is an inventory of the things that are
presumed to exist in a given domain together with a
formal description of the properties of those things
and relations that hold among them2. An ontology
thus provides a representational vocabulary for a
given domain with a set of rules that constrain the
meaning of the terms in that vocabulary sufficiently
to enable consistent interpretation of data framed in
that vocabulary. Even if it is uneasy to build, validate
and reuse3, an ontology shared by different
applications is the cornerstone of a semantic
integration in information systems4. The UMLS
includes in its knowledge sources (Semantic
Network, Metathesaurus, Specialist Lexicon) a part
of the medical knowledge, and above all, almost of
the biomedical vocabularies5 6. As it seems possible
in some cases to translate terms between controled
vocabularies by mapping them on concepts in the
Metathesaurus7, we can consider today the UMLS
knowledge sources as an operational and suitable
ontology.

The various servers in a computerized information
system implement data according to the way they
represent medical concepts. The main problem for
end-users to access the data in the servers databases
is to match their own viewpoint on medical concepts
with the representations made in the databases. The
aim of the project ARIANE is to build user
interfaces with heterogeneous information databases,
and to provide end-users with easy and natural
means to query them. In previous works we have
shown how the UMLS knowledge sources are
exploited with this aim in view. First, we modeled
the UMLS components we exploit8. The prototype
developed provides end-users with the capability to
browse the UMLS knowledge sources and to build a
query step by step by means of selections of
concepts and semantic relationships9. The present
work allows designers of a corporate Intranet a
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method to develop a conceptual interface to
heterogeneous information databases, including
queries to the databases. The produced pages and
links implement only the part of the UMLS needed
by the designers to provide forthcoming end-users
with a Web-style access to information.

INTEGRATION OF DATABASES
INTO AN INTRANET: A SCENARIO

With the intent to illustrate our approach we will use

a scenario before we present in the next section the
principle of the method for integrating information
databases into an Intranet. The aim is to build a set
ofpages giving access to information in relation with
digestive system diseases. Information and data are

located in a bibliographical database, in a database
of surgical reports, and in a database of clinical
guidelines. At one point, the designer builds access

paths to information in relation with pancreatic
diseases. Then he/she focuses on pancreatic
neoplasms and on other associated concepts in the
frame of their diagnoses and therapeutics. For the
scenario to be simple we restrict here his/her concern
to these three topics which relate to the following
types of concepts in the Semantic Network of the
UMLS respectively:

disease or syndrome, diagnostic procedure, and
therapeutic or preventive procedure.

Paths to information are built on the basis of the
UMLS following four successive steps:
* Path to the concept pancreatic neoplasms.

Starting from the type of concepts disease or

syndrome in the Semantic Network, the designer
goes to the concept digestive system diseases in
the Metathesaurus, then to the concept
pancreatic diseases, and finally to the concept
pancreatic neoplasms. Another path via the
concept digestive system neoplasms was also
possible. The designer validates the path he/she
followed.

* Semantic relationships between concepts. In the
Semantic Network the semantic relationships
diagnoses and treats hold between the types of
concepts diagnostic procedure and therapeutic
or preventive procedure and the type disease or

syndrome respectively. When used these
relationships translate the designer's concern in
pancreatic neoplasms from the viewpoints of
both diagnosis and therapeutics, and they are ins
tanciated as hypertext links between pages.

* Instanciation of the semantic relationships. The
designer decides to link ultrasonography and
pancreatic diseases by means ofthe relationship
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Figure 1. The priciple of integration of information databases into an Intamet
by means ofUMLS knowledge sources.
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diagnoses. This precision level is chosen because
an ultrasonography is not used to diagnose every
digestive system disease, such as an esophagial
disease. Even if each of the pancreatic diseases is
not automatically treated by a pancreatectomy, it
may be relevant of this surgical act at one time.
Thus, the designer associates pancreatectomy
and pancreatic diseases by means of the
relationship treats.

* Access to information databases depends on the
kind of databases is queried. An access to a
database may be a query expressed in the
proprietary language of a bibliographical server.
It may be a SQL query to a patients database. It
may be a link to a page on a Web server.

These steps are schematized by the diagram of
Figure 1. They are numbered from 1 to 4. The stored
elements are represented in plain boxes, while those
used but not stored are represented in doted boxes.

Once the designer has stored the results of the
successive steps, he/she has implemented an inter-
face with information databases. It is a set of pages
connected by typed hypertext links. Other pages may
be created following the same principle by the same
designer and/or other designers until having paths to
information in relation with all the digestive system
diseases. End-users may follow later these paths to
obtain information after some mouse clics in a well-
known Web-style environment, independently of the
UMLS knowledge sources the designers used to
build the interface, and in a conceptual way they may
feel natural. An end-user accesses firstly a home
page (here it is the page of digestive system
diseases). Then, following the links between pages,
he/she navigates until he/she reaches the searched
page (the page of pancreatic neoplasms). From here,
he/she can either follow a link until the page of a
concept semantically related to the concept of the
current page (for instance: the page of ultra-
sonography or the page of pancreatectomy) and thus
explore thoroughly, or activate queries to informa-
tion databases.

A METHOD FOR INTEGRATING
INFORMATION DATABASES INTO AN

INTRANET

During the design phase, pages defined by designers,
links between the pages et accesses to information
databases are stored in a database. These data will be
later exploited for building dynamically the pages
displayed to end-users.

A style sheet is associated to each type of concepts.
For instance, there is a style sheet for the type
disease or syndrome, a different one for diagnostic
procedure, and another one for therapeutic or
preventive procedure. Each style sheet contains
fields which will be fulfilled by the concept name
and values of other attributes before a page is
displayed. The other attributes are the concept
definition when available, key-words extracted from
the Metathesaurus, and so on. Fields are also
foreseen for links and access to databases. Each time
a page is defined, it is done according to the style
sheet associated to the selected type of concepts to
which the concept is connected. The definition of a
page consists in the storage of its content in the
following tables of the database.
* A table stores all the information related to the

defined pages. It contains for each page an
identifier of the page, its name and other
attributes values. It contains also the unique
identifier of the related concept and the identifier
of the related type of concepts. Fields in the
appropriate style sheet will be later fulfilled with
these values.

* Hypertext links descriptions are stored in another
table. It contains the identifier of each link, the
identifier of the semantic relationship from which
it is an instance, and the identifiers of the linked
pages. An appropriate field in a displayed page
will show the links which start from it.

* A third table contains the defined accesses to
infonnation databases. They are query masks
identified by the pages identifiers and
information sources. When the information
source is a bibliographical server, the key-words
stored with the page description are used to fulfill
the mask and query the server. When the source
is a RDBMS, the query mask is fulfilled by key-
words to build a complete SQL query. In case of
access to a Web site, its URL is stored.

The diagram of Figure 2 schematizes the dynamic
building of a page according to its style sheet and its
content stored in the database.

When a Web site becomes large, the number of
pages increases dramatically, and their management
becomes uneasy. The above method offers solutions
to this problem since no static pages are created and
stored. Pages are built dynamically when needed by
means of their related style sheets and stored
contents. The number of style sheets is reduced to
the number of types of concepts in the UMLS. Even
if the number of defined pages becomes large, they
may be managed easily with regard to the
capabilities a relational database management system

497



allows. The stored key-words enhance this
management. They make possible to query the
database for knowing how many pages are in relation
with a specialty, a theme, and so on. They also make
possible to control the redundancy and thus to
contribute to maintain the consistency of a large set
of pages. Since anchors of links are stored in a table
of the database, the whole consistency may be
ensured by queries intended to verify the real
existence of the related pages.

DISCUSSION

As felt by its conceptors themselves, the UMLS may

be a basis for building <better > user interfaces10.
Few years ago the World Wide Web technology has
emerged and has been successfully exploited by
many medical informatics researchers and
practitioners. Benefits taken from this technology
come from the universal user interface provided by
Internet browsers. For instance, the U.S. National
Library of Medicine provides a direct access to the
UMLS knowkedge sources over the Intrenet' . Other
works are intended to provide end-users with easy to
use and universally available access to information

12,13databases , supporting the integration of various
types of biomedical information'4. The method we

presented uses the UMLS knowledge sources as a

shared ontology for building a homogeneous way to

access heterogeneous information databases in a
corporate Intranet. Only the needed elements
(concepts and relationships) are instanciated as
pages and links respectively. But, following the same
method, several designers may add new pages and
links to the already existing ones without any risk to
introduce inconsistency since the work done by
previous designers can be: 1) either reused as it is,
by linking new pages to the already existing ones, or
2) enhanced with new links into the existing pages.
Both the first and second processes are operated
according to the UMLS knowledge sources. The
end-users benefit from: 1) the unique Web-style
environment produced to facilitate information
retrieval in the heterogeneous information databases,
and 2) the natural organization of the pages due to
the conceptual way to link them according to the
UMLS knowledge. We are convinced that this kind
of navigation until querying information databases
reduces the effort to learn the query languages of the
different servers, and decreases the desorientation
the end-users may have when faced to other data
organizations.

Our aims are closed to those of co-workers in the
< Intelligent Information Integration >> project (I*3).
Following the I*3 concerns15, our next works will be
in relation with the processes we must implement for
querying information databases efficiently. Among
the needed query services are the following
processes. Presently a query is sent to only one
database at a time. Generally, a complex query, such
as those to which we turned our attention in previous
works, must be decomposed. The sub-queries
resulting of the decomposition may be sent to
different databases simultaneously. A query related
to pancreatic neoplasms and their diagnoses may
found results, for instance, in a bibliographical
database and in a database of clinical guidelines. A
query decomposition process is thus needed. For the
query to be processed, it is also necessary to develop
a process intended to select the sources of
information. Another essential process is the
translation of a sub-query from the internal
representation into the query language of the selected
information source. Previously we expressed queries
in the conceptual graphs formalism due to its
closeness to natural language representation and
processing, and its ability to represent the meaning
of a query by means of concepts and relationships16.
Since this formalism is generally more expressive
than the query languages of the information servers,
it is easy to translate a query into one of these latter
languages, as we have shown previously9.
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